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ABSTRACT 

This study was carried out to determine the concentration of heavy metals in edibles vegetables, cangkuk 

manis (Sauropus androgynous), winter melon (Cucurbita leucantha) petola (Luffa acutangula), peria 

(Momordica charantia), cucumber (Cucumis sativus), brinjals (Solanum melongena), spinach (Amaranthus 

spp.), sawi pahit (Brassica juncea rugosa), sawi bunga (Brassica parachinensis) and sawi putih (Brassica 

chinensis). The vegetables also were divided into part such as leaves, stems, skin and flesh. The concentration 

level of magnesium (Mg), iron (Fe), zinc (Zn), chromium (Cr), copper (Cu) and manganese (Mn) were 

determined using Atomic Absorption Spectroscopy (AAS) model 3111 Perkin Elmer. The vegetables were 

taken directly from different farm at Siburan, Tapah, Tarat and Serian which were located in the Kuching 

area. The results show that, every location contains different levels of heavy metals. Majority of the samples 

leaves and skin was contains higher concentration of heavy metals compare to stems and flesh. The 

concentration of heavy metals also was compared with the Food Act (1983). The results show that, most of 

the samples exceed the permissible limit of the Food Act (1983). The concentration of heavy metals such as 

Mg, Zn and Fe was high in the samples. 

Keywords: AAS, Heavy metal, permissible level, vegetables 

 

 

ABSTRAK 

 
Kajian ini telah dijalankan untuk menentukan kepekatan “heavy metal” dalam sayur-sayuran seperti 

cangkuk manis (Sauropus androgynous), labu (Cucurbita leucantha) petola (Luffa acutangula), peria 

(Momordica charantia), timun (Cucumis sativus), terung (Solanum melongena), bayam (Amaranthus spp.), 

sawi pahit (Brassica juncea rugosa), sawi bunga (Brassica parachinensis) dan sawi putih (Brassica 

chinensis).Sayur tersebut dibahagikan kepada bahagian seperti daun, batang, kulit dan isi. Magnesium (Mg), 

Ferum (Fe), Zinc (Zn), Mangan (Mn), Kuprum (Cu) dan Kromium (Cr) adalah “heavy metal” yang dikaji. 

Kajian ini dijalankan dengan menggunakan mesin AAS model 3111 Perkin Elmer .Sample sayur-sayuran 

telah diambil daripada lading yang berlainan di Siburan,Tapah,Tarat dan Serian .Hasil kajian menunjukkan, 

setiap lading mempunyai kepekatan “heavy metal” yang berlainan. Malah, kebayakkan sampel daun dan 

kulit mengandungi kepekatan “heavy metal” yang tinggi jika dibandingkan dengan batang dan isi. 

Kepekatan “heavy metal” juga dibandingkan dengan Akta Makanan (1983). Keputusan menunjukkan 

kebanyakkan sampel mengandungi “heavy metal” yang tinggi. 

Kata kunci: AAS, Heavy metal, permissible level, sayur-sayuran 
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CHAPTER 1 

INTRODUCTION 

Vegetables are vital to the human diet and, in particular, it also provides trace 

elements. Vegetables constitute essential components of diet by contributing protein, 

vitamins, iron, calcium and other nutrients which are required for the body         

(Thompson and Kelly, 1990). However, plants contain both essential and toxic elements 

over a wide range of concentrations.  

Many researchers have found that plants have shown to have a great ability to 

accumulate metals from the environment (Khairiah et al., 2004). Vegetables take up metals 

by absorbing them from contaminated soils, as well as, from deposits on parts exposed to 

the air in polluted environments. The toxic contaminants often accumulate in the edible 

portions of the agricultural plants and thereby enter the human food chain                 

(Zurera et al., 1989). 

Heavy metals can be found naturally in the environment and are present as the 

constituents of soils, natural water and living matter. They are non-biodegradable and non-

thermo degradable. Thus, they readily accumulate to toxic levels (Bohn et al., 1985). 

Heavy metals tend to form complexes with organic matter in the soil and the affinity of 

each metal towards organic matter is different. Organic matter plays an important role not 

only in forming complexes, but also in retaining the heavy metals in an easily 

exchangeable form (Khairiah et al., 2004). Heavy metals become toxic when they are not 

metabolized by the body and accumulate in the soft tissues.  
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The main objectives of this study are: 

1) To determine the heavy metals (Zn, Mg, Fe, Cr, Cu and Mn) in the selected 

vegetables. 

2) To determine the levels of heavy metals in the selected vegetables. 

3) To compare the heavy metals concentration determined with Food Act (1983). 

In order to determine the level of heavy metals in vegetables, different types of 

vegetables were selected, namely, cangkuk manis (Sauropus androgynous), winter melon 

(Cucurbita leucantha) petola (Luffa acutangula), peria (Momordica charantia), cucumber 

(Cucumis sativus), brinjals (Solanum melongena), spinach (Amaranthus spp.), sawi pahit 

(Brassica juncea rugosa), sawi bunga (Brassica parachinensis) and sawi putih (Brassica 

chinensis) to be analyzed. The vegetable samples were taken from different farm at 

Siburan, Tapah, Tarat and Serian located in the Kuching area. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Heavy Metals and Toxicity 

2.1.1 Heavy Metals 

Heavy metals can be defined as any metal or alloy of high specific gravity, 

especially one that has a density greater than 5 g/cm
3
 (Morris, 1992). Heavy metals occur 

naturally in environment and soils. Some are essential for humans, plants, and animals. 

Potentially harmful trace elements, especially heavy metals, can accumulate in the soil and 

on plants, and may pose a potential health risk to people who breathe or, especially, 

swallow contaminated soil or eat contaminated vegetables. 

2.1.2 Toxic Effects of Heavy Metals 

Heavy metals are among the major contaminants of food supply and may 

considered the most important problem to the environment (Zaidi et al., 2005). Miller and 

Miller (2000) noted that Zn and Cu are toxic to plants before they accumulate in sufficient 

concentrations to effect animals or human. Consequently, high concentration of Zn and Cu 

kill or stunt plant growth. At the biochemical levels, the toxic effects caused by excess 

concentrations of heavy metals include competition for sites with essential metabolites, 

replacement of essential ions, damage to cell membranes and reactions with the phosphate 

groups (Alloway and Ayres, 1997).  

Chronic low-level intakes of heavy metals have damaging effects on human beings 

and other animals, since there is no good mechanism for their elimination.  
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Moreover, metals such as lead, mercury, cadmium and copper are cumulative 

poisons. These metals cause environmental hazards and are reported to be extremely toxic 

(Ellen et al., 1990). 

2.2  Heavy Metals and Vegetables 

Various studies have been conducted on metal assessment in edible vegetables, 

crop and also soil. Edible green vegetables grown along the sites of the Sinza and 

Msimbazi River in Tanzania were accesses for their heavy metals content (Bahemuka et 

al., 199). The study reported the ranges (mg/100g) of Cd, Cu, Pb and Zn as 0.01-0.06, 

0.25-1.60, 0.19-0.66 and 1.48-4.93 respectively. This study stated that some of the 

vegetables contained high levels of metals which are beyond the permissible levels given 

by FAO/WHO guidelines. 

According to a study that conducted by Mohamed et al., (2003) in assessment of 

essential and toxic elements in some kinds of vegetables in Al-Taif district at Saudi Arabia, 

minor elements such as Ca, Fe, K, Mg, and Na as well as trace elements such as Cd, Co, 

Cu, Mn, Ni, Pb and Zn are presents in 12 different species of vegetables., namely, 

cucumber, vegetable marrow, tomato, potato, greenpepper, eggplant, carrots, parsley, 

lettuce, spinach, salq, onion, leek, watercress, and cabbages. 

A study conducted by Khairiah et al., (2004) in the uptake of heavy metals by fruit 

types vegetables grown in selected agriculture areas in Sepang and Bangi show that the 

level of zinc (Zn) content in long beans (Vigna sinensis) higher than in chilies (Capsicum 

annum). The heavy metals studied were lead (Pb), Cadmium (Cd) and zinc (Zn).  



 

5 
 

However, the concentration of heavy metals studied in these vegetables were still 

below the maximum level allowed by the Malaysian Food Act (1983) and Food 

Regulations (1985) for Pb (2.00 mg kg
-1

), Cd (1.00 mg kg
-1

) and Zn (30.00 mg kg
-1

). 

2.3 Sources of Metals Contamination in Soils 

2.3.1  Agricultural Practices 

Wastewater irrigation is known to contribute significantly to heavy metals content 

of soils. Soils irrigated by wastewater accumulate heavy metals such as Cd, Zn, Cr, Ni, Pb 

and Ni in surface soils. When the capacity of the soil to retain heavy metals is reduced due 

to repeated use of wastewater, soil can release heavy metals into ground water or soil 

solution available for plant uptake (Sharma et al. 2007). 

Pesticides and herbicide are being used extensively as well as fertilizer to the soils. 

Applied fertilizer and pesticides will accumulate in soil if they are applied continuously. 

Cultivation in the open area, receive a natural rainwater input that may dilute the chemical 

substances effectively in soils but under the shade where substantial cultivation activities 

also being carried out the fertilizer and pesticides may accumulate in soil up to critical 

level where crops tolerance are push to their limit. Among other problem related to high 

fertilizer input in soil is the increase in heavy metals concentration such as As, Co, Cu, Cr, 

Pb, Ni and Zn and also in agricultural soils as well as in vegetables parts                  

(Sahibin et al., 2002). 
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2.3.2  Atmospheric Deposition 

Heavy metals are emitted into the urban atmosphere from anthropogenic sources 

such as road components, traffic, power plants, industries and residential heating. Heavy 

metals from air eventually deposit on the ground surface depending on wind patterns and 

ultimately increase their concentrations in adjacent areas. Atmospheric deposition of heavy 

metals increases their concentrations in soil and consequently in food chain             

(Sharma et al., 2007). 

2.4 Heavy Metals within Soil and Vegetation 

 

2.4.1 Heavy Metals Uptake by Plants 

Plants may receive heavy metals from their above-ground surfaces, their roots or 

some combination of the two.  Leafy vegetables have greater potential of accumulating 

heavy metals in their edible parts than grain or fruit crops. Studies on the uptake of heavy 

metals by plants have shown that heavy metals can be transported passively from roots to 

shoots through the xylem vessels (Kirkham, 1977; Krijer et al., 1999). 

In addition, plant organs such as fruit and seed that have low transpiration rates and 

did not accumulate heavy metals because the storage organs are largely phloem-loaded and 

heavy metals are generally poorly mobile in the phloem. Zheljazkov and Nielsen (1996) 

found that the concentrations of heavy metals in vegetables per unit dry matter generally 

follow the order: leaves > fresh fruits > seeds. 
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2.4.2 Factors Affecting the Heavy Metals Uptake 

According to Nyles and Ray (1999), there is considerable in actual uptakes by 

plants of these elements from soil depending on such properties as pH and organic matter 

content, cationic exchange capacity, binding to different soil components and plant species 

involved. Meanwhile, Alloway, 1995 stated that the factors affecting the amounts of metal 

adsorbed by a plant are those controlling; the concentration and speciation of the metal in 

the soil solution, the movement of the metal from the bulk soil to root surface, the transport 

of metal from the root surface into the root and its translocation from the root to the shoot. 

2.4.3 Bioavailability of Trace Elements in Soils 

The mobility of trace elements is very important factor in determining the 

availability and solubility of heavy metals in the soil and soil solution (Khairiah et al., 

2004). The availability of some metals to plant is governed by their total concentration in 

the soil and by the form in which they may occur. In soils, heavy metals may found in one 

or more of the following forms. Namely, dissolved (in soil solution), exchangeable (in 

organic and inorganic components), as structural components of the lattices of soil 

minerals and insoluble precipitates with other soil components. The first two forms are 

available to the plants (Zalidis et al., 1999).  
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CHAPTER 3 

MATERIALS AND METHOD 

 

3.1 Location of sampling 

Samples of the vegetables were collected from farm at Siburan, Tapah, Tarat and 

Serian which located in the Kuching area. The locations at which the samples were 

collected are shown in Figure 1 below: 

 

 

 

 

Figure 1: Location of sampling area 
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3.2 Sample Selection and Collection 

Vegetables samples were collected in triplicate for every location. The fresh 

vegetable samples were collected directly from the farm and stored in polyethylene bags 

according to their type before brought to the laboratory for further analysis. The vegetables 

that were selected for analysis are as given in Table 1. 

Table 1: Types of vegetables that were selected for analysis at different location 

Sampling Area Common Name Scientific Name 

 

Siburan 1 

Cangkuk manis Sauropus androgynous 

Winter melon Cucurbita leucantha 

Peria Momordica charantia 

 

Siburan 2 

Cangkuk manis Sauropus androgynous 

Petola Luffa acutangula 

Cucumber Cucumis sativus 

 

Tapah 

Cangkuk manis Sauropus androgynous 

Petola Luffa acutangula 

Cucumber Cucumis sativus 

 

Tarat 

Sawi bunga Brassica parachinensis 

Sawi putih Brassica chinensis 

Sawi pahit Brassica juncea rugosa 

 

Serian 

Brinjals Solanum melongena 

Cucumber Cucumis sativus 

Spinach Amaranthus spp. 
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3.3 Sample preparation 

3.3.1 Tissues selection 

Tissues uses for the analysis were taken from the leaves, stem, flesh, and skin. 

Trace elements can be determined in other parts such as pericarp, testa, seed and cotyledon    

(Mohamed et al., 2003). Tissues were taken from these different parts because the 

concentrations of trace elements were different in each part. Table 2 shows the part of the 

plant that was used for the analysis. 

Table 2: Part of plant used for analysis 

 

Vegetables 

Parts 

Leaves Stem Skin Flesh 

Cangkuk manis 

(Sauropus androgynous) 

      

Winter melon 

(Cucurbita leucantha) 

      

Peria 

(Momordica charantia) 

      

Petola 

(Luffa acutangula) 

      

Sawi putih 

(Brassica chinensis) 

      

Brinjals 

(Solanum melongena) 

      

Cucumber 

(Cucumis sativus) 

    

Sawi bunga 

(Brassica parachinensis) 

      

Sawi pahit 

(Brassica juncea rugosa) 

      

Spinach 

(Amaranthus spp.) 
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3.4 Preparation of plant tissues 

3.4.1 Decontamination 

According to Kalra (1998), the plant material must be cleaned and free from any 

contaminant, including soil and dust particles and foliar spray residue. This is because 

these contaminants might influence the analytical result. Decontamination procedures 

involve washing and rinsing fresh and fully turgid plant samples thoroughly in order to 

preserve the sample integrity. The plant samples are washing in fresh running water and 

then again wash with deionized water. 

3.4.2 Oven drying 

In order to stop enzymatic reactions and to stabilize the samples, water from the 

plant tissues is removed. The tissues samples were separated and loosen and place in a 

paper container. The container was place in forced-air oven to be dried at 80°C for 12 to 24 

hours. 

3.4.3 Particle size reduction 

The plant tissues samples are reduce to 0.5 1.0 mm particle size by grinding using 

mortar. After grinding, the samples are thoroughly mixed and storage. 

3.4.4 Storage 

Samples are taken from the ground plant material for analysis and storage after the 

grinding and homogenization process. The samples are place in the container, securely seal 

and store under cool, dry condition. 

  


